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A numerical groundwater model of the Doha area prepared in 1983 to study the rise in
water level beneath the city has been updated with new water level information and a new
water balance study.
•
Water levels have continued to rise, although the recharge mound has spread further inland.
Areas with water levels at less than 2.5m bgl occur along the coast and in areas of low
topography. The average rise in water levels from 1983 to 1988 was 0.16 m/y. Further
studies are required to identify areas at risk from shallow water levels and to improve the
monitoring network.
•
Recharge estimates based on the model differ from those obtained from the water balance
study. The latter are not consistent with the observed water level configuration, but a more
sophisticated model would be needed to provide better estimates of recharge and to study
measures to control water levels.
GROUNDWATER RECHARGE IN DOHA, QATAR
INTRODUCTION
0 In 1983 a hydraulic model of water movement in the Upper Dammam aquifer underlying
Doha was developed by the Institute of Hydrology (111) as part of a study to investigate
0 measures to control rising water levels beneath the city [ASCO ref 11 The model was used
to compute recharge to and discharge from the aquifer system which were then compared to
le estimates derived from a water balance study. It incorporated water level data for February
1983 derived from a network of about 180 boreholes. Aquifer characteristics were based
5 mainly on pumping tests.
5 Routine monitoring of water levels has continued since 1983. By 1988 there were some 110
sites with a water level of five years or more. A new water balance study was also
0 	 undertaken in 1988. At the request of Balfours International on behalf of the Water
Department of the Ministry of Water and Electricity, the new water level information has
0 	 been incorporated into the existing groundwater model to provide new estimates of recharge,
which were then compared to the results of the recent water balance.
REVIEW OF WATER LEVEL DATA
2.1 Introduction
The elevation of the natural pre-development water table is thought to have been about lm
aOND (Qatar National Datum) with a shallow gradient towards the coast. Urban development
has now led to a rise in water levels beneath the city due to a combination of imported
water, reduced abstraction and the aquifer characteristics of the underlying sequence. The
resulting recharge mound had water levels of up to 9m aQND in 1983.
A network of 180 boreholes had been established by February 1983 to monitor water levels
beneath the urban area. The data were used to prepare water level and depth to water table
maps. At some locations, mainly in local topographic depressions, water levels were shown to
be less than 2m bgl. The rate of water level rise could not be determined as only 22 sites
had been monitored for more than one year.
The water level monitoring network in 1988 is shown in Figure 1. Routine water level data
has been collected from about 110 sites since 1983, although some are influenced by pumping.
Data from a total of 90 boreholes were used to prepare water level maps for December
1988. The monitoring network in 1988 was slightly different than that for 1983, mainly in the
western and southern areas. Some local changes in water level between 1983 and 1988 may
be due to differences in the monitoring networks rather than real changes in the amount and
distribution of recharge.
2.2 Water Level Configuration 1988
•
The water table elevation for December 1988 is shown in Figure 2. The configuration is
broadly similar to that in February 1983 with two local recharge mounds, at Medina Ithalifa
and just south of Wadi Musheirib, which are superimposed on a more regional mound having
a steep gradient on its eastern flank. Most of the western area from Al Gharrafa to Mn
Khaled has water level elevations of about 6 to 7m aQND. Water levels of only about 3m
aQND are shown by the 1988 data to occur around Muraikh.
•2.3 Depth to Water bevel1988
The depth to water level in December 1988 is shown in Figure 3. The pattern is similar to
that in 1983. Most of the central urban area has water levels more than 5m bgl but areas
having shallow water levels of less than 2.5m bgl occur along the coast, near Old Rayyan,
Muraikh, Wadi Musheirib, and in the area of low topography extending north of Abu Hamur.
•
The occurrence of local areas with shallow water levels could be more extensive than
indicated by the monitoring network as water levels in other topographic depressions are not
monitored.
•
2.4 Change in Water Levels 1983 to 1988
Figure 4 shows the net change in water levels between February 1983 and December 1988.
Water levels have risen over most of the study area, with the largest rise of 1 to 3m taking
place in the south- west towards Ghanim el Jadid. Apparent declines at Medina Khalifa and
Muraikh could be due to differences in the data available for these areas in 1983 and 1988.
•
Water level rises of 03 to 1m have occurred in the coastal area at West Bay whereas a
similar decline in water level has occured in the coastal area south of the bay. Water levels
have also decreased in the Wadi Musheinb by about 0.4 to 0.9m.
2.5 Water Level Trends
Water level hydrographs are given in Annex A. The average annual trends in water level for
59 sites with longer term records are &yen in Annex B.
A relatively constant rise in water level took place from 1982 to 1987 associated with the
recharge of imported water. The more marked change in 1987/8 would appear to be due to
the exceptional rainfall event at this time. The average rise in water level is about 0.16 m/y
(range -0.14 to +035 ink). This would indicate a net increase in aquifer storage of 0.53
Mm3/y over the model area (assuming a specific yield of 2%), or only 3.7% of the estimated





A description of the hydraulic model used to estimate recharge is available in the 1983
report [ref.1]. Only the main features of the model are summarised here.
Groundwater flow is described in two horizontal dimensions using Darcy's Law with a
continuity equation. The model is steady state, making the approximation that the water table
does not change in the short term. It estimates the recharge required to sustain an observed
head distribution subject to assumptions on the storativity (S) and hydraulic conductivity (K)
of the aquifer based on field tests.
The model is written in finite difference form, and recharge estimated using least squares
recession analysis of the resulting linear regression equations over the nodal network grid.
Recharge is constrained at certain nodes where there is no urban development to a fixed
value equal to the estimated annual rainfall recharge in order to stabilise the estimation. The






32 Comparison of Model and Water Balance Recharge Estimates
111do model runs were undertaken prior to completing the water balance study: a re-run of
the model with the 1983 water levels and a model run with the 1988 water levels. The
results are presented in Table 1. The results for 1988 are also shown in Figure 5 for each
of the areas A to E. The procedure for determining inferred recharge at nodal points was
11111 modified which improved the accuracy of the model, as shown by the reduction in the sum
of squared residuals in Table I.
0
Table I Recharge and boundary flows


Model run Region Area Net Flow to Flow across Other boundary
recharge sea eastern boundary llow






(as presented in Table































































































































































A net recharge of 14.3 Mm3/y was derived for 1983 using the improved model procedure
compared to 14.7 Mm3/y for 1988. 'This is an increase of only 2.7% suggesting that recharge







Recharge estimates from the water balance study were completed in early 1990. The results
have been adjusted to the model areas (A to E) to allow comparison with the recharge
estimates derived from the updated model.
The water balance study made in 1983 was based on QAT zones whereas that in 1988 was
based on OAR zones. Net recharge is computed for each zone using various assumptions but
no allowance is made for subsurface inflow and outflow between zones. The net recharge for
the QAT zones were combined for each of the five model areas A to E in order to









1983 A 0.47 126 139






C 9.11 7.04 2.07










Total Annual 14.34 14.49 0.15
5 1988 A 1.09 3.66 237






C 5.63 7.63 2










Total Annual 14.73 16.39 1.66
0
In 1983 there was rather poor agreement between the model and water balance estimates for
each area. Area C accounted for almost two- thirds of the total recharge in the model,
although areas D and E show the greatest discrepancy.
110
The water balance study indicates an increase in the annual recharge of 11% between 1983
and 1988 compared to only 17% based on the model study. This may be due to different
assumptions being used for each water balance study. Area C accounts for about 40% of the
total recharge in the model but area D now shows the greatest discrepancy, although the
sum of the model recharge for areas C and D in 1983 is similar to that in 1988.
The pattern of groundwater levels (Figures 2 and 3) may provide a possible qualitative
explanation for the differences in the recharge estimates. The main areas of net recharge
inferred from the pattern of groundwater levels are:
(a) south-east of Madina Khalifa at the boundary of areas A, B and C.
Here a slight shift in the recharge centre between 1983 and 1988 has
redistributed the recharge between areas A, B and C.
(b) a ridge trending south-west from the old port through areas C and D.
This ridge appears to extend closed to the old port and has a steeper






However, the water balance recharge estimates do not match this observed water level
configuration. For example, the net recharge for area D is not consistent with the prominent
groundwater ridge in the sante area. The recharge estimates from the water balance approach
are also greater in the other four areas than those estimated from groundwater level data.




There are significant differences between the model and water balance recharge estimates.
Limitations of the water balance study would account for some of these differences, but this
discussion relates to limitations of the modeL The model computes the amount of recharge
necessary to sustain the observed head distribution. If aquifer conditions are homogeneous
then groundwater mounds would be associated with greater recharge. The water balance
recharge estimates are not in agreement with the observed water levels with the assumption
of aquifer homogeneity. Geological information suggests that there may be significant
heterogeneity in the aquifer conditions and to some extent this has been taken into account
by the model by averaging recharge over large areas (A to E). If the water balance estimates
of recharge are substantially correct then it would be necessary to determine spatial variations
in the aquifer characteristics to improve the model estimates of recharge.
1\vo other modelling assumptions need consideration, although these have less influence on
the overall differences in recharge derived from the two methods:
•
(a) the water level contour map for 1988 indicates that the recharge mound
has spread beyond the original model boundaries, which would therefore
have to be extended.
(b) the assumption of steady state is only approximate as there has been a
steady but slow increase in water levels between 1983 and 1988. Some
restructuring and further calibration of the model would be necessary to
allow for this change in water levels. 1
A detailed appraisal of the rise in water levels and local control measures would require a
more sophisticated model incorporating at least the features described above and calibrated
110 from the water level data A major constraint on any modelling of the situation is the
variability in aquifer conditions. A regional model to indicate risk areas together with local
models to examine control measures in areas at risk would be appropriate.
I Ili is currently undertaking research with the Centre for Mathematical Research of the Australian National
University to examine various methods for stabilising recharge estimation, to develop appropriate treatments for
boundary fluxes and to provide measures of the uncertainty associated with recharge estimation. This work is








The monitoring network could be extended, for example to include areas to the north and
west where water level data are sparse or to provide control points in areas at greater risk.
A computerised data base system could be applied to prepare water level maps and graphs to
update and review the situation at regular intervals.
•
Statistical techniques could be applied to study the distribution and number of monitoring
points. The frequency of readings could be optimised in terms of the data collection
objectives and the costs of collecting and processing the data. Associated information, such as
topography and population distribution, could be used to establish risk criteria and areas at































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Water Level Hydrograph 1981-1988
Note: Visual trends are indicated for each monitoring site where possible. Average annual
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GRID REFERVICE WELL REF. NO.DATUM ELEVATION (M) SURFACE ELEVATI01
0 228690 389270 2238.390 12.770 12.240


228810 388410 2238.610 14.060 13.510


228956 397285 2239.233 6.469 6.469


229020 392060 2239.190 6.840 5.960
0 229030 392150 2239.241 7.220 6.700


229030 392160 2239.242 7.280 6.780
0 229030 392140 2239.177 7.070 6.710

















13.6800 229610393410 2239 .101 14.149 13.330





































4.9050 230732 392040 2339.810 5.729 5.422
















4.0000 230980 392040 2339.500 5.350 5.350









8.2000 231480 391030 2339.310 9.000 8.620


231670 390210 2339.400 9.260 8.920'
Ak 231670 391920 2339.330 7.310 7.010
w 231690 392630 2339.130 6.350 6.100
Ak 231370 390400 2339.430 8.470 3.270
w 231910 390490 2339.4'0 3.910 8.310
Ak 252010 339360 2338.400 10.520 9.790








Ak 232813 392600 2239.400 10.520 10.420
1W 233150 391550 2339.900 11.220 10.960
Ak 233420 392830 2339.560 2.640. 2.230
W 233460 392350 2339./00 9.200 9.000
Ak 233650 390660 2339.300 7.730 7.600
W 233630 390670 2339.200 7.650
-9.900
Ak 234210
 391470 2339.260 9.800 9.200
W 234990 387500 2338.300 9.970 9.890
Ak 235110 339020 2338.250 4.430 3.870
"1 236300 579400 2337.740 3.800
-9.900
Legend
-9.9 No elevation available
o No grid reference available
(M)
Annex D
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